The portion of a catchment covered by a stationary rainstorm is modeled by the common area of two overlapping circles. Given that rain occurs within the catchment and conditioned by fixed storm and catchment sizes, the first two moments of the distribution of the common area are derived from purely geometrical considerations. The variance of the wetted fraction is shown to peak when the catchment size is equal to the size of the predominant storm. The conditioning on storm size is removed by assuming a probability distribution based upon the observed fractal behavior of cloud and rainstorm areas. In response to these deficiencies we estimate here the uncertainty of the catchment area upon which rain actually falls. Perhaps the simplest situation is that of the stationary rainstorm. Eagleson [1984] has addressed this particular problem using the geometrically simple conceptualization shown in Figure 1 . In Figure 1 the catchment area A c is represented by a circle of radius r c and the overall storm area A s by a circle of radius r s . We are interested here only in the case in which it rains on the catchment and will assume that this occurs whenever the two circles overlap to give a nonzero catchment storm area Asc. Such an occurrence will define a "storm" in this work. Owing to patchiness in the storm structure, Asc may actually contain dry areas, and this is the subject of earlier work by Eagleson [1984]. Here we are interested in the probability distribution of the overall area Asc.
INTRODUCTION
When estimating the disposition of storm rainfall on mesoscale land surfaces, whether it be for conventional catchment hydrology or for estimating grid square moisture fluxes in atmospheric general circulation models (GCMs), it is of critical importance to account for the spatial variability of precipitation [Milly and Eagleson, 1982] . Various investigators, beginning perhaps with Lecam [1961] and led more recently by Waymire and Gupta [1981] , have modeled the space-time structure of rainfall fields, but none has explicitly considered the variable of first-order importance in these problems, which is the fraction of the catchment or grid square covered by the rainstorm.
Theories of flood frequency [e.g., Eagleson, 1972 ] yield distributions conditioned upon the fraction of the catchment being wetted by the precipitation and thereby bypassing what is surely a major contributor to streamflow uncertainty in many catchments. Algorithms to estimate the short-term heat and moisture fluxes from the large grid element (104-105 km 2) of atmospheric GCM's make similar one-dimensional assumptions [e.g., Hansen et al., 1983] .
In response to these deficiencies we estimate here the uncertainty of the catchment area upon which rain actually falls. Perhaps the simplest situation is that of the stationary rainstorm. Eagleson [1984] has addressed this particular problem using the geometrically simple conceptualization shown in Figure 1 . In Figure 1 the catchment area A c is represented by a circle of radius r c and the overall storm area A s by a circle of radius r s . We are interested here only in the case in which it rains on the catchment and will assume that this occurs whenever the two circles overlap to give a nonzero catchment storm area Asc. Such an occurrence will define a "storm" in this work. Owing to patchiness in the storm structure, Asc may actually contain dry areas, and this is the subject of earlier work by Eagleson [1984] . Here we are interested in the probability distribution of the overall area Asc. [Eagleson, 1984] .
From the geometry of overlapping circles we can find As = g•(r, r c, rs)
or r = g2(Asc, re, rs)
The conditional probability that a storm has an area within the catchment equal to or greater than Asc given r s and r c is obtained from (1) 
CATCHMENT/STORM SCALE RELATIONSHIPS
It is clear that the critical independent variable in this problem is the catchment/storm size ratio, and it is well to have in mind the important range of this ratio. This is shown in Figure 2 where the relevant atmospheric phenomena have been sized according to the scale proposed by Orlanski [1975] . In this diagram the extreme catchment scale is that of the GeM grid [Hansen et al., 19833 . The remainder of this scale, 10 < Ac < 10 '• km 2, is somewhat arbitrarily chosen as the range of interest of most catchment hydrology.
GEOMETRY OF OVERLAPPING CIRCLES
We begin by considering the geometry of overlapping circles using notation shown in 
•+1 scale ratio Ac/As = 10 -x (i.e., g = 0.32) at which the variance is amplified. That this peak must occur for some intermediate Ac/As follows from limiting considerations. The variance of Asc/Ac must approach zero when the catchment is very much larger than the storm, for then the wetted area is always a negligible fraction. Similarly, the variance must vanish when the storm is very much larger than the catchment because then (remember a storm means Asc > 0) essentially the entire catchment is always wetted. The "resonant" peak in variance for intermediate values of Ac/As has particular significance for the theory of extreme floods. It implies that there is a critical catchment size in a given climate (i.e., predominant storm size) for which the variance in catchment storm area contributes most heavily to the variance in runoff. The coefficient of variation of Asc/Ac is also plotted in Figure 5 and peaks at near unity for As --Ac.
Comparison of the circle-on-circle values from Table 1 with the variance curve of Figure 5 shows a larger variance when the storm centers are Poisson-distributed (Table 1) For analytical convenience we have chosen to represent the storms by circles which are two dimensional and hence not fractals. Nevertheless,. we wish our storm areas to have the probability distribution observed in nature. Accordingly, we constrain the range of sizes in order to assure finite moments and adapt the above results for circles to obtain [Eagleson, 1984] f ( The parameter Asm/8 of Figure 6 represents the spread of size in the population of storms in the given climate. For Asm/8 = 1 the pdf of storm size reduces to a unit impulse at As = Asm = 8, and the storm size is not a random variable. The curve for Asm/8 = 1 is thus identical with the conditional expectation presented earlier in Figure 5 . As we let Asm > 8, we see the effect of weighting the conditional expectation by the assumed hyperbolic pdf of As. Initially (i.e., Asm/8 = 10), for large storms and small catchments (i.e., Ac/8 << 1) a broadening of the storm spectrum will introduce some smaller storms and thus will lower the expectation of Asc from its limiting value of unity. Again initially (i.e., Asm/8 = 10), but for small storms and large catchments (i.e. Ac/8 >> 1) a broadening of the storm spectrum will introduce some larger storms and thus will raise the expectation of Asc from its limiting value of zero. As Asm/8 gets very large, however, the marginal expectation of Asc becomes independent of Asm/8 and is larger than the conditional value at all Ac/8. In practical terms, Figure 8 shows how a large catchment in a climate having a broad range of storm sizes can produce extreme amplification of the coefficient of variation of storm runoff for purely geometrical reasons. We believe that this phenomenon is described here quantitatively for the first time and should be helpful in improving theoretical description of the frequency of extreme floods.
The catchment storm area As,: has been represented by the common area of two overlapping circles, and the first two moments of the area have been calculated from geometrical considerations conditional upon values of the catchment and storm size. For catchment/storm scale ratios of practical importance the wetted catchment fraction As`:/A`: has a mean value much less than one, emphasizing the danger of invoking one dimensionality in hydrology. The variance of As`: peaks when the catchment size and predominant storm size are "tuned" at A`:/As = 1, indicating the important contribution that variable catchment storm area can make to the total uncertainty in storm runoff under certain scale relationships. Said another way, there appears to be a critical size of catchment in a given climate for which the variance of streamflow will be amplified due to the uncertainty in the wetted area. These results may be useful in removing the one-dimensional assumption from many practices of catchment scale hydrologY.
Assigning the storm areas As a pdf which is consistent with observations, the marginal expectation, variance, and coefficient of variation of As are derived. This shows how a large catchment in a climate having a wide range of storm sizes will experience a great amplification in the coefficient of variation of storm runoff for purely geometrical reasons. 
